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Abstract
 .We have examined the rotational diffusion of the luteinizing hormone LH receptors binding human chorionic
 .  .gonadotropin hCG or ovine luteinizing hormone oLH in MA-10 Leydig tumor cells using time-resolved phospho-
 .rescence anisotropy techniques. LH receptors binding erythrosin isothiocyanate ErITC -derivatized oLH were rotationally
mobile with rotational correlation times of 62 ms, 48 ms, 38 ms, and 29 ms at 48C, 158C, 258C, and 378C, respectively.
ErITC-hCG bound to the LH receptor was rotationally immobile, showing no anisotropy decay at 48C, 158C, 258C, and
378C. To determine whether cytoskeletal components influenced the rotational diffusion of LH receptors, we measured
rotational diffusion of LH receptors on MA-10 cells treated with 20 mgrml cytochalasin D and on plasma membrane
preparations. Following 1 h exposure to cytochalasin D, the rotational correlation times for hCG-occupied LH receptors
were typically 11 ms at 378C compared to )1000 ms on untreated cells. Treatment of MA-10 cells with cytochalasin B or
colchicine had no affect on LH receptor rotational diffusion. Rotational correlation times for LH-occupied receptors
decreased from 29 ms to 12 ms at 378C following cytochalasin D treatment. The rotational diffusion of LH receptors on
plasma membrane preparations was similar to that observed for LH- and hCG-occupied receptors on intact cells treated with
cytochalasin D. These various results indicate that there are differential effects of LH and hCG binding on the interactions
of LH receptors with plasma membrane proteins and that microfilaments anchor the hCG- and LH-occupied receptors.
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1. Introduction
The LH receptor appears to interact with cyto-
skeletal components when occupied by hCG. This
interaction was suggested by lateral diffusion studies
in which treatment of ovine luteal cells with either
microfilament or microtubule disruptors increased the
rate of hCG-occupied LH receptor lateral diffusion
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w xapproximately 7-fold 1 and significantly increased
the fraction of laterally mobile hormone-receptor
complexes. In addition, the lateral diffusion of hCG-
occupied receptors was considerably faster on plasma
membrane blebs that lack an underlying cytoskeletal
network than on intact cells.
We have also examined the rotational diffusion of
w x w x w xLH receptors on ovine 2 , bovine 2 and rat 3
luteal cells using time-resolved phosphorescence ani-
 .sotropy TPA techniques. The rotational diffusion of
membrane proteins, which is particularly sensitive to
w xthe shape and size of the protein 4 , can also be
affected by interactions with other proteins. Such
protein-protein interactions can occur during events
following ligand binding and include receptor-recep-
tor association or interactions with the cellular cyto-
w xskeleton 5 . We have observed that receptors on
ovine, bovine and rat luteal cells exhibit longer rota-
tional correlation times than do LH receptors on
w xmurine Leydig cells 6 and, more generally, than
might otherwise be expected for a protein with seven
w xtransmembrane segments 7 .
Here we have examined the possibility that LH
receptors interact with the cytoskeleton, thus restrict-
ing the ability of that receptor to exhibit rotational
diffusion within the plane of the membrane. We have
used one of several available cloned Leydig cells
lines, MA-10 cells, that have been well-characterized
in terms of gonadotropin receptors and steroid pro-
w xduction 8 and have served as models of functional
gonadotropin target cells. MA-10 cells retain many of
the biological functions associated with normal Ley-
dig cells including increased steroid secretion follow-
w xing hormone binding 8 , internalization of the hor-
w xmone-receptor complex 9 and receptor down-regu-
w xlation 10 . We have measured the rotational correla-
tion times of the LH receptor on MA-10 cells when
bound by oLH or hCG in the presence and absence of
the microfilament disrupters cytochalasin B and D
and the microtubule disrupter colchicine as well as on
plasma membrane preparations from these cells.
2. Materials and methods
2.1. Materials
 .  .Purified hCG CR-127 and oLH NIH oLH-S-26
were obtained from the National Hormone and Pitu-
itary Program, NIADDK, Bethesda, MD. Erythrosin
 .isothiocyanate ErITC was purchased from Molecu-
lar Probes, Eugene, OR. Cytochalasin B, cytochalasin
D, colchicine, tissue culture grade dimethylsulfoxide
 .DMSO , Sephadex G-25, glucose, glucose oxidase,
and catalase were purchased from Sigma Chemical
Co., St. Louis, MO. Succinylated Concanavalin A S
.Con A was purchased from Vector Laboratories,
Burlingame, CA.
2.2. Cell culture
The MA-10 cell line was a generous gift from the
laboratory of Dr. Mario Ascoli at the University of
Iowa College of Medicine. The cell line was main-
tained in culture using procedures described previ-
w xously 8 . For use in experiments, cells were pelleted
and then washed two times in BSS for 3 min at
300=g. Cells were pooled, counted with a hemocy-
tometer and viability was assessed by trypan blue dye
exclusion. Cell viability was routinely greater than
95%.
2.3. Preparation of ErITC-deri˝atized hormones and
labeling of MA-10 cells
Erythrosin isothiocyanate derivatized hormones
w xwere prepared as described previously 2 . The molar
ratios for ErITC-derivatized hormones and the con-
centration of hormone in solution were determined
spectrophotometrically. The hormone preparations
used in these experiments had 1.2–1.6 mol of ErITC
per mol of oLH or hCG. We have previously shown
that derivatization of LH and hCG has no affect on
w xthe biological activity of these hormones 11 . Prior
to use, all fluorophore-derivatized proteins were cen-
trifuged at 130 000=g for 10 min in a Beckman
 .Airfuge Beckman Instruments, Palo Alto, CA to
remove any protein aggregates which might have
formed during storage at 48C.
Typically 107 cells per ml were labeled with Er-
ITC-derivatized oLH or hCG for each TPA experi-
ment. To prevent hormone internalization, cells were
 .resuspended in BSS containing 0.1% wrv NaN3
w xand incubated at 378C for 1 h 11 . In some experi-
ments, 1 ml of the cell suspension was preincubated
for 1 h at room temperature with cytochalasin B 20
.  .  .mg , cytochalasin D 20 mg , or colchicine 40 mg .
Stock solutions of these cytoskeletal disruptors con-
( )D.A. Roess et al.rBiochimica et Biophysica Acta 1357 1997 98–106100
tained 4 mgrml of DMSO. The cells were washed
two times in BSS and then incubated with 1 nM
ErITC-derivatized oLH or hCG for 1 h at room
temperature. After labeling, cells were washed two
times by centrifugation at 300=g for 3 min in BSS
to remove any unbound hormone. To eliminate triplet
quenching by O , 50 mM D-glucose, 0.2 mgrml2
 .glucose oxidase Sigma type II-S and 0.25 mgrml
 .catalase Sigma type C-10 were added to the cell
w xsamples 15 min prior to TPA measurements 12 .
2.4. Time-resol˝ed phosphorescence anisotropy mea-
surements
Time-resolved phosphorescence anisotropy experi-
w xments were performed as previously described 2 .
After cells were washed and deoxygenated the sam-
ple was placed in a 5-mm Suprasil quartz cuvette. A
thermoelectrically controlled stage was used to house
the cuvette. Experiments were performed at 48C,
158C, 258C, and 378C. A frequency-doubled 532 nm
output of a Spectra-Physics DCR-11 Nd:YAG laser
provided the excitation pulse for each experiment.
The laser was operated at 10 Hz with a vertically
polarized TEM 00 output of 250 mJ at the sample
cuvette. Phosphorescence emission from the sample
was isolated through a series of filters consisting of a
1M Na Cr O solution and a KV 550 color filter2 2 7
 .Schott Glass Technologies, Duryea, PA to block
scattered light and a 3 mm thick RG 665 filter to
eliminate delayed fluorescence. A rotating polarizer
was placed in front of the photomultiplier tube in
order to observe the intensity of phosphorescence
  ..   ..emitted with vertical I t and horizontal I t5 H
polarizations. The system contained a fast gating
circuit to turn the photomultiplier tube off during the
w xhigh-power Nd:YAG pulses 13 . The phospho-
rescence signal was collected 908 to the excitation
axis by a thermionially cooled EMI 9816A photo-
multiplier tube. The output signal from the photo-
multiplier tube was amplified by a Tektronix 476
oscilloscope whose vertical output was passed through
a 35 MHZ bandwidth buffer amplifier into a Nicolet
12r70 computer equipped with a 20 MHZ, 8-bit
analog-to-digital converter for signal averaging. After
2048 traces were recorded in each emission polarizer
orientation, data were downloaded into an 80386
microcomputer for analysis and storage. Phosphores-
 .  . w xcence intensities I t and I t were analyzed 145 H
 .to yield a phosphorescence intensity function s t
 .and a phosphorescence anisotropy function r t . The
phosphorescence intensity function was fitted to a
sum of two exponential decays plus a constant term,
i.e. an arbitrarily slow decay. Results from the life-
time analysis were used to weight points in a non-lin-
ear least squares fit of the anisotropy data. The
anisotropy decay for a uniaxial rotator labeled with
randomly-oriented chromophores should exhibit two
rotational correlation times but cellular data are rarely
precise enough to permit resolution of the exponen-
tials. Anisotropy data were thus analyzed according
to a single average exponential decay model which
provided satisfactory fits to all our decay curves. In
these analyses the weight of a given anisotropy point
was set proportional to the intensity calculated at the
corresponding time.
r t yr q r yr exp ytrf 1 .  .  .  .0
 .  .Fitting r t to Eq. 1 yields the initial anisotropy
value r , the limiting anisotropy value r , and the0
rotational correlation time f as well as the statistical
w xuncertainties in these quantities 15 .
3. Results
We first compared the rotational diffusion of phos-
phor-derivatized LH and hCG when bound to the LH
 .receptor on MA-10 cells Fig. 1 . The LH receptor
when occupied by LH was rotationally mobile on
MA-10 cells. Rotational correlation times were 62"5
ms, 48"6 ms, 38"3 ms, and 29"5 ms at 48C,
158C, 258C and 378C, respectively. A summary of
rotational dynamics of the LH-occupied receptor is
< <presented in Table 1. The ratio r yr rr did not0
change markedly with temperature 0.267 at 48C and
.0.167 at 378C , indicating that there were no changes
in constraints to rotational motion over this tempera-
ture range and that decreases in the LH receptor
rotational correlation times from 48C to 378C were
consistent with decreases in membrane viscosity. In
contrast, rotational correlation times for the hCG-oc-
cupied receptors were longer than could be experi-
mentally measured at each temperature examined
 .  .since initial r and final anisotropies r did not0
differ significantly. Under these conditions, proteins
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Fig. 1. Anisotropy decay for the LH receptor on MA-10 cells
binding ovine LH at 4, 15, 25, and 378C. The smooth curves are
anisotropy data fitted to a weighted single exponential function
using weighting from the corresponding intensity function. Data
traces from an individual experiment were selected to reflect the
average rate of anisotropy decay for the LH-occupied receptor at
a given temperature. The rotational correlation times for the data
shown are in the upper left corner of each panel.
Fig. 2. Anisotropy decays for rotation of LH receptor at 4, 15, 25,
and 378C on MA-10 cells binding ErITC-hCG. The smooth
curves are anisotropy data fitted to a weighted single exponential
function using weighting from the corresponding intensity func-
tion. The rotational correlation times for hCG calculated from the
anisotropy data shown in these traces are in the upper left corner
of each panel.
Table 1
Rotational correlation times for oLH-occupied LH receptors on MA-10 cells or membranes a
b c d .  .Treatment Temp 8C r r f ms n0
aNone 4 0.033"0.004 0.045"0.003 62"5 20
b15 0.035"0.003 0.048"0.003 48"6 20
c25 0.038"0.004 0.050"0.005 38"3 12
d37 0.040"0.002 0.048"0.002 29"5 12
eCytochalasin D 4 0.036"0.004 0.051"0.003 74"1 8
c15 0.036"0.004 0.051"0.006 38"1 8
d25 0.038"0.006 0.049"0.002 27"1 8
f37 0.037"0.003 0.051"0.004 12"1 8
a MA-10 cells were pretreated with 20 mgrml cytochalasin D or with vehicle alone for 1 h prior to labeling with 1 nM ErITC-oLH as
described in Section 2. For each sample, 2048 measurements of phosphorescence decay were averaged to obtain the I and I traces5 H
from which anisotropy was calculated.
b
r is the initial anisotropy.0
c
r is the final anisotropy.
d  .The rotational correlation times f are the mean and S.D. of measurements on n samples examined at each temperature. Superscripted
 .values of f indicate statistically significant differences P-0.01 between and within treatments.
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are considered to be rotationally immobile within the
limits of the phosphorescence lifetimes of the ery-
throsin molecules. Representative anisotropy data for
the hCG-occupied receptor are shown in Fig. 2 and
summarized in Table 2.
To examine potential interactions of the hCG-oc-
cupied LH receptor with cytoskeletal components, we
used two methods to decrease or eliminate the effects
of the cytoskeletal interactions with membrane pro-
teins. First, we measured the rotational diffusion of
the hCG-occupied receptor following pretreatment of
intact cells for 1 h with the microfilament disrupters
cytochalasin B or cytochalasin D which bind to the
barbed end of actin filaments, affecting their growth
w xand ability to shorten 16 . We then measured rota-
tional diffusion of the receptor in the presence of
colchicine, which functions in a manner similar to the
cytochalasins, causing the disappearance of micro-
tubules and the capping of intermediate filaments
w x17 . As shown in Fig. 3, there was no discernable
effect of cytochalasin B or colchicine on receptor
rotational diffusion. As was the case for untreated
cells, initial and final anisotropies did not differ
significantly, indicating that most, if not all, receptors
 .were rotationally immobile Table 2 . However, cyto-
chalasin D treatment did affect hCG-occupied LH
receptor rotational diffusion, decreasing rotational
correlation times for receptors from values greater
than 1000 ms to 42"2 ms, 37"1 ms, 16"2 ms
and 11"1 ms at 48C, 158C, 258C and 378C, respec-
tively. A summary of the anisotropy data for the
hCG-occupied receptor on intact cells following incu-
bation with various cytoskeletal disrupters is shown
in Table 2.
To determine whether the effects of cytochalasin D
on LH receptor rotational diffusion occurred only
when the receptor was occupied by hCG, cells were
similarly pretreated with cytochalasin D prior to la-
beling with ErITC-oLH. At 378C, there was a slight
decrease in the rotational correlation time of the LH
receptor from 29"5 ms to 12"1 ms, as expected
 .for a treatment disrupting the cytoskeleton Table 1 .
Table 2
Rotational correlation times for hCG-occupied LH receptors on MA-10 cells
b c d .  .Treatment Temp 8C r r f ms n0
None 4 0.047"0.006 0.048"0.003 )1000 16
15 0.041"0.002 0.041"0.004 )1000
25 0.044"0.002 0.045"0.003 )1000
37 0.048"0.005 0.048"0.004 )1000
Cytochalasin B 4 0.042"0.005 0.043"0.003 )1000 8
15 0.044"0.004 0.044"0.003 )1000
25 0.045"0.004 0.046"0.005 )1000
37 0.045"0.003 0.046"0.006 )1000
aCytochalasin D 4 0.037"0.002 0.049"0.005 42"2 8
b15 0.036"0.002 0.051"0.004 37"1
c25 0.037"0.003 0.050"0.002 16"2
d37 0.037"0.005 0.050"0.002 11"1
Colchicine 4 0.037"0.006 0.037"0.001 )1000 8
15 0.037"0.005 0.038"0.004 )1000
25 0.035"0.003 0.036"0.005 )1000
37 0.038"0.003 0.038"0.003 )1000
a MA-10 cells were labeled with 1 nM ErITC-hCG following treatment with 20 mgrml cytochalasin B or D or 40 mgrml colchicine as
described in Materials and Methods. Membrane were prepared and labeled with 1 nM ErITC-oLH as described in Materials and Methods.
For each sample, 2048 measurements of phosphorescence decay were averaged to obtain the I and I traces from which anisotropy was5 H
calculated.
b
r is the initial anisotropy.0
c
r is the final anisotropy.
d  .The rotational correlation times f are the mean and S.D. of measurements on n samples examined at each temperature. Superscripted
 .values of f indicate statistically significant differences P-0.01 .
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Fig. 3. Anisotropy decays for hCG-occupied LH receptors on
MA-10 cells treated with cytochalasin B, cytochalasin D or
colchicine. The smooth curves are anisotropy data fitted to a
weighted single exponential function using weighting from the
corresponding intensity function. The rotational correlation times
for hCG calculated from these data are in the upper left corner of
each panel.
 .Interestingly, at lower temperatures 48C the oLH-
occupied receptors exhibited a small, but significant
slowing of receptor rotational diffusion from 62"5
ms to 74"1 ms. Treatment of 1 ml of MA-10 cells
with 5 ml DMSO alone had no effect on receptor
rotational diffusion regardless of whether the receptor
was occupied by LH or hCG. Rotational correlation
times for DMSO treated cells labeled with EITC-LH
were 68, 53, 43, and 26 ms at 378C, 258C, 158C, and
48C, respectively, and did not differ significantly
from those of untreated cells at each of these temper-
atures.
We then measured rotational correlation times of
LH receptors on isolated plasma membranes follow-
ing binding of ErITC-oLH or ErITC-hCG to verify
the rotational correlation times obtained for LH re-
ceptors on cells treated with cytochalasin D. The
rotational correlation times for the LH receptor in the
membrane preparations were smaller than those for
oLH-occupied LH receptors on intact cells regardless
of which ligand was used. LH receptors bound by
oLH exhibited rotational times of 47"1 ms and
 .12"1 ms at 48C and 378C, respectively Table 3 .
These times were significantly smaller than those for
the LH receptor on intact cells following cytochalasin
D treatment 62"5 ms and 29"5 ms at 48C and
.378C, respectively . LH receptors bound by hCG on
membrane preparations exhibited rotational times of
49"1 ms and 8"1 ms at 48C and 378C, respec-
 .tively Table 3 . These data were also similar to the
rotational correlation times measured on intact cells
pretreated with cytochalasin D. Together these data
suggest that, if interactions with the actin cyto-
skeleton are reduced significantly or eliminated, LH
receptor rotational diffusion is not different when
either LH or hCG are bound.
Phosphorescence lifetimes and fractional ampli-
tudes did not vary significantly with the nature of the
chromophore-bearing hormone or with cell treatment.
At 378C the short lifetime component averaged 9.7"
2.0 ms with a fractional amplitude of 0.35"0.6, the
longer lifetime component averaged 71"11 ms with
a fractional amplitude of 0.51"0.04 and the constant
Table 3
Rotational correlation times for oLH- and hCG-occupied LH receptors on plasma membrane preparations from MA-10 cells
a b c .  .Treatment Temp 8C r r f ms n0
oLH 4 0.072"0.004 0.113"0.002 47"1 8
37 0.056"0.006 0.113"0.004 12"1 8
hCG 4 0.074"0.003 0.110"0.005 49"1 8
37 0.086"0.006 0.112"0.002 8"1 8
a
r is the initial anisotropy.0
b
r is the final anisotropy.
c  .The rotational correlation times f are the mean and S.D. of measurements on n samples examined at each temperature.
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term corresponding to an arbitrarily long lifetime
.component had an average amplitude of 0.14"0.02.
These values correspond well with results of other
analyses of phosphorescence decay from cell-bound
w xerythrosin conjugates 18 .
4. Discussion
Rotational diffusion for LH receptors on MA-10
cells was dependent on the ligand occupying the
receptor. LH-occupied receptors were rotationally
mobile on MA-10 cells with a rotational correlation
time of 29"5 ms at 378C while and hCG-occupied
receptors were rotationally immobile on intact cells.
These results were similar to those obtained for LH
w xreceptor rotational diffusion on ovine luteal cells 1
and for the rotational diffusion of hCG-occupied
receptors on plasma membranes from bovine corpora
w xlutea 1 . Rising anisotropies for the LH- and hCG-
 .occupied receptors on MA-10 cells Figs. 1 and 2
are similar to those seen for LH receptor on murine
w x w xLeydig cells 5 , ovine luteal cells 1 and for epider-
mal growth factor receptor on plasma membrane
w xvesicles shed from A-431 cells 19 . The conditions
that may result in rising anisotropies have been dis-
w xcussed by Jovin and coworkers 20,21 who also cite
other instances where rising anisotropies have been
observed. A rising anisotropy is exhibited by a chro-
mophore whose transition dipoles assume suitable
orientations with respect to the axis about which it
rotates. In such a case either or both of the exponen-
tial decay terms in the anisotropy decay expression
for a uniaxial rotator can assume a negative ampli-
tude, causing an anisotropy function which decays
upward to a positive limiting value. In practical
terms, such a non-random distribution of chro-
mophores requires that a ligand, such as LH or hCG,
be labeled at a single or small number of sites.
The apparent rotational immobility of receptor-
bound hCG needs to be considered in light of such
photophysics of anisotropy decay. It is possible for a
single chromophore to be bound to a rotating ligand
with precisely the correct orientation so as to exhibit
no anisotropy decay. Alternatively, two or more
properly oriented chromophores can cancel each
other’s contributions to anisotropy decay kinetics. In
either situation no time-dependent anisotropy decay
would be observed from a receptor-bound ligand
despite its undergoing well-defined rotational depo-
larization processes. However, the photophysical and
structural conditions required for such a situation
seem almost impossibly restrictive. Moreover, our
direct photobleaching recovery measurements show
that receptor-bound hCG is laterally immobile on a
variety of cell types while other gonadotropins like
LH exhibit normal lateral diffusion. We thus feel that
the fixed anisotropies observed for receptor-bound
hCG are best interpreted in terms of receptor immobi-
lization induced by this particular ligand.
Differences in the molecular motions of LH recep-
tor following binding of LH or hCG may thus reflect
differences in the biological activity of these hor-
mones. Segaloff and coworkers report that brief ex-
posure to oLH caused maximum testosterone secre-
tion from murine Leydig cells at about 50 min after
w xstimulation 22 . Testosterone secretion then de-
creased to a basal rate within 2 h. Brief exposure to
hCG considerably prolonged testosterone secretion
by murine Leydig cells. Such differences in the bio-
logical effects of brief hormone exposure are also
w xobserved for LH and hCG on ovine luteal cells 23
where the molecular dynamics of hCG-LH receptors
also differ from those of LH occupied receptors.
The slow rotational diffusion of hCG-occupied LH
receptors on MA-10 cells may result from the carbo-
hydrates on hCG. hCG is approximately 30% carbo-
hydrate by weight and is more glycosylated than LH.
w xIt has been suggested by Calvo and Ryan 24 and,
w xmore recently, by Ohwaki et al. 25 , that there may
be lectin-like binding sites in cell membranes that
interact with carbohydrates on hCG. Such interac-
tions may occur in addition to direct contact between
w xthe LH receptor itself and carbohydrates on hCG 26 .
Interactions of hCG with lectin-like sites on the
membrane would result in the formation of large
molecular weight complexes that exhibit slow rota-
tional diffusion. Our preliminary results suggest that
this may be the case. Deglycosylated hCG has a
rotational correlation time of 80 ms at 378C on
w xMA-10 cells 27 which is significantly smaller than
that of hCG-occupied receptors on the same cell.
The differences in receptor rotational diffusion
following LH and hCG binding are attributable, in
part, to differential interaction of the LH- and hCG-
occupied receptors with the cytoskeleton. The hCG-
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receptor complex was only mobile when cells were
treated with cytochalasin D or when rotational corre-
lation times were measured on isolated plasma mem-
branes. There appears to be a role for cytoskeletal
structures in slowing rotational diffusion of the
hCG-occupied receptors. Inhibition of microfilament
formation by cytochalasin D or removing the cyto-
skeleton through isolation of the plasma membrane
increases the rotational diffusion of the receptor.
Under these conditions the rotational correlation times
for the receptor were smaller than those for the
LH-occupied receptor and similar to rotational corre-
lation times for the hCG-occupied receptor measured
on murine Leydig cells. However, it is not possible
from these studies to determine whether cytoskeletal
anchorage of the receptor occurs through direct inter-
actions of cytoskeletal components with the receptor
or through interactions of the cytoskeleton with non-
receptor proteins such as membrane lectins associated
with the receptor. Interestingly, the nature of cyto-
skeletal interactions with LH receptors appears to
differ between MA-10 cells and ovine luteal cells.
When receptor rotational diffusion was measured on
w xplasma membranes of ovine corpora lutea 2 , there
was no measurable difference in rotational correlation
times on plasma membranes and on intact cells. This
suggests that cells of various origins exhibit differ-
ences in the organization and interactions of the LH
receptors following ligand binding.
Interestingly, rotational correlation times for LH
receptors on MA-10 cells were larger than those
reported for LH receptors on murine Leydig cells
where rotational correlation times were approxi-
mately 3–5 ms at 378C. Given the larger rotational
correlation times for the receptor on the MA-10 cell
 .in the absence of cytoskeletal influences 11–12 ms ,
the receptor complex may be structurally different
from that on, for example, murine Leydig cells. The
nature of the complex is not known. However, the
MA-10 cell LH receptor may exist within larger,
multiprotein structures rather than as simple receptor
monomers. This appears to be the case for the bovine
LH receptor where approximately four additional pro-
w xteins are in close proximity to the LH receptor 28 .
There may also be ligand-induced aggregation of LH
receptors themselves following ligand binding, as is
well-known for such proteins as the insulin receptor
w x29 . Middaugh and coworkers have demonstrated
that there is energy transfer between LH receptors on
porcine granulosa cells following binding of hCG
w x30 . Fluorescence microscopy studies also suggest
that the FSH receptor, which is structurally similar to
w xthe LH receptor 31 , is present in large, aggregated
w xstructures 32 .
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